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Abstract: 
 
 The copper(I) source material Cu(NCMe)4BF4 was reacted with two equivalents of 
triphenylphosphine and various cyanoaromatic bridging ligands in a variety of solvents to form 
six new metal-organic complexes. The bridging ligands used were 1,2-dicyanobenzene (oDCB), 
1,3-dicyanobenzene (mDCB), 1,4-dicyanobenzene (pDCB), 2-cyanopyridine (oCPy), 3-
cyanopyridine (mCPy), and 4-cyanopyridine (pCPy). The resulting complexes consisted of the 
dimers [Cu2(PPh3)4(oDCB)2](BF4)2 and [Cu2(PPh3)4(oCPy)2](BF4)2, the trimer 
[Cu3(PPh3)6(mCPy)3](BF4)3, and the polymers {[Cu(PPh3)2(mDCB)](BF4)}∞, 
{[Cu(PPh3)2(pDCB)](BF4)}∞, and {[Cu(PPh3)2(pCPy)](BF4)}∞. The complexes displayed varying 
levels of solvent retention during crystallization, leading to complexes of 
{[Cu(PPh3)2(pCPy)](BF4)}∞ with ½ acetone, [Cu2(PPh3)4(oCPy)2](BF4)2 with two molecules of 
toluene, {[Cu(PPh3)2(pDCB)](BF4)}∞ with one molecule of dichloromethane, and 
[Cu2(PPh3)4(oDCB)2](BF4)2 with one molecule of dichloromethane, one-half molecule of 
dichloromethane, two molecules of chloroform/one molecule of water, or two molecules of 
tetrahydrofuran. Photophysical analysis of the complexes showed excitation in the 340–400 nm 
range and emission in the 450–560 nm range for all complexes. 
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Introduction:  
 
 Copper is a fourth row, group 11, transition metal in the which, in its pure metallic form, 
displays a brown-gold luster. As a transition metal with a d-orbital valance shell, copper can take 
on a number of oxidation states. The three primary oxidation states are copper(0), copper(I), and 
copper(II). Copper(0) is the oxidation state of metallic copper. Copper(I) is the only first row 
transition metal to have a stable +1 state, and will be discussed in length ahead. Copper(II) is the 
more commonly recognized form of oxidized copper due to the ubiquity of the green copper 
carbonate known as verdigris often found on older metallic copper objects as they oxidize over 
time. Copper(III) and copper(IV) both exist but are both rare and usually highly unstable without 
stabilization by highly electronegative ligands.1 
 Copper(I) was chosen as the subject of this project due to its interesting coordinating and 
photophysical properties. The electron configuration for Cu(I) is [Ar]3d10. This filled d subshell 
with all valance electron paired, gives copper(I) diamagnetic properties. The diamagnetism of 
Cu(I) allows for 1H-NMR to be performed on its complexes. The ideal number of valence electron 
for transition metals is 18, although 16 is also a viable number. From this, it can be predicted that 
syntheses using four L-type ligands would form stable networks with the d10 copper(I).  
Networks whose metal centers are coordinated to four ligands can form either tetrahedral 
or square planar geometries (Figure 1). As seen from the energy diagram, tetrahedral complexes 
have a crystal field splitting energy much lower than that of square planar when compared to the 
octahedral geometry. Lower crystal field splitting favors high spin complexes, which can influence 
which four coordinate geometry is formed. But since copper(I) has a d10 configuration, the d 
subshell is saturated and so the complex will tend to assume VESPR-predicted tetrahedral 
geometry.2 
10 
 
 
Figure 1: Crystal field splitting d-orbital energy diagram 
 
  
The metal-covalent bonds formed in coordination complexes is reliant on the presence of 
a Lewis basic ligand which donates electrons in the form of lone pairs or -bonds. However, the 
readiness by which metal-covalent bonds form, and the stability of the resulting complex, depends 
on the hardness of the Lewis acid/base pair. This hardness principle describes “hard” and “soft” 
acids and bases. The general rule is that hard acids react more readily with hard bases, and soft 
acids with soft bases. The hardness of an acid or base is a measure of its electron cloud 
polarizability. Hard acids are those metal ions which are highly charge-dense. Soft acids, on the 
other hand, tend to have lesser positive charge and/or larger size, making them more charge-
diffuse. Copper(I) is one such soft acid, and therefore bonds more readily with soft base ligands. 
Such soft bases include large, low-charge ions such as I–, as well as -systems, such as CO and 
conjugated ring systems. By considering a spectrum of bonding strengths between ligand and 
metal, it is possible to predict which ligands substitute more readily than others. It is advantageous 
when attempting to synthesize Cu(I) complexes to choose a copper source whose ligands are more 
easily substituted than the ligands desired in the product.3 
11 
 
 
Metal-Organic Networks 
Ligands are those ions or molecules or ions that form stable covalent bonds with a metal 
center. The large variety of ligand-metal complexes comes not only from the structures of the 
ligands themselves, but also on the manner in which they bond to the metal center. One important 
behavior is chelation. Chelation, from the Greek word for claw, is where a single ligand bonds to 
a single metal center using two or more lone pairs, forming a metallocycle. To chelate, a ligand 
must possess multiple Lewis basic atoms. The ligand must also be sufficiently long and flexible to 
bend such that the multiple Lewis bases may be held in proximity to the metal center. Such ligands 
can be labeled as (prefix)-dentate. If a conjugated ring system bonds to metal in a planar fashion, 
it is represented by their Greek letter eta (η) number.  
 
Chart 1: Chelation 
 
      1,10-Phenanthroline (bidentate)     (η6-C6H6)2Cr (with face bonding)   1,4,7-Triazaheptane (tridentate) 
 
 
Chelating ligands do not have to commit all of their basic atoms to binding with a single 
metal center. It is also possible for them to act as bridges between pairs of metal centers. These 
bridging ligands allow for the formation of inorganic oligomeric compounds ranging from two-
12 
 
member dimers to infinite-member polymers. To ensure that ligands successfully form a bridged 
structure, it is often necessary for concentrations of ligands to be stoichiometrically deficient to 
the number of bonds on each metal atom. For four-coordinate copper(I) complexes, a 3:1 ligand 
to metal molar ratio promotes bridging-capable ligands into assembling the bridged network.  
Monodentate capping ligands are  added to coordination complexes as a method of 
controlling network dimensionality by limiting the number of ligands able to bind to any given 
metal center. Triphenylphosphine (PPh3) is a monodentate σ-donor through the lone pair on the 
central phosphorus atom. With two triphenylphosphine ligands bonded, each four-coordinate Cu(I) 
center is limited to two bridging ligands to extend the network.  Triphenylphosphine further affects 
the structure of networked copper complexes due to its steric bulk. Capping ligands orient 
themselves so as to minimize steric strain. As a relatively large ligand, PPh3 displays this through 
the orientation of its phenyl rings. A Newman projection down the Cu–P axis would show the 
phenyl ring and the remaining ligands adopting a staggered orientation. Each phenyl ring is further 
oriented into a propeller-like rotary fashion to minimize steric compression from neighboring 
phenyl rings. Such rotary shapes have two mirrored forms, easily visualized as a left-handed and 
a right-handed propeller (Chart 2).4 Because of the ability for each phenyl ring to rotate freely 
around the σ-bond axis, these structures are not enantiomeric, but rather two conformations of the 
same isomer.  
 
 
Chart 2: Two views of PPh3 with mirror plane. 
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Right-handed (left) and left-handed (right) propeller shape. 
 
Nitrile Ligands 
A second ligand of interest in this work is acetonitrile. Acetonitrile (NCMe) acts as a 
monodentate, σ-donor, L-type ligand. In inorganic chemistry, acetonitrile has found uses as a 
ligand in homoleptic starting materials. Homoleptic compounds are those metal complexes whose 
ligands are all identical.5 The starting material used in the synthesis of the complexes described 
herein was one such compound: [Cu(NCMe)4]BF4. The starting material [Cu(NCMe)4]BF4 is an 
ionic compound, consisting of the anionic tetrafluoroborate and the homoleptic cation 
tetrakis(acetonitrile)copper(I). In ligand substitution reactions, the BF4
– takes the role of a 
nonreactive spectator ion, balancing charge while not participating in the chemical process. 
However, it should be mentioned that this is not a hard and fast rule. Non-coordinating anions like 
BF4
– have been shown to sometimes have effects on supramolecular structure of certain 
frameworks through hydrogen bonding.6 
The affinity of acetonitrile to copper(I) can be partially explained by the aforementioned 
hard-soft acid base (HSAB) theory. Since the Cu(I) oxidation state has low positive charge on a 
medium sized atom, HSAB theory labels it as a soft acid. Therefore, Cu(I) has a greater affinity 
14 
 
for soft bases such as acetonitrile. Hard soft acid base theory only explains part of the stability 
however. The other stabilizing effect between acetonitrile and copper(I) is π-back-bonding. When 
referring to σ-donating ligands, the bond formed with the ligand’s electrons from ligand to metal 
is referred to as a coordinate covalent bond. Back-bonding describes a situation in which the metal 
donates electron density back to the ligand. The orbitals that participate in back-bonding are the d-
orbitals of the metal and the π*-antibonding or d-orbitals of the ligand. π*-orbitals are paired with 
corresponding π-bonds, such as those present in the acetonitrile. While partially destabilizing the 
carbon-nitrogen bond, back-bonding stabilizes the bond between low oxidation state metal and the 
ligand.3 Together, these properties ensure that [Cu(NCMe)4]BF4 is a relatively stable starting 
material.7  
Heteroleptic complexes containing acetonitrile ligands maintain this stability (Figure 3). 
The downside to this stability is the potential difficulty encountered when removing acetonitrile 
ligands during coordination complex synthesis. Bis(acetonitrile)bis(triphenylphosphine)copper(I) 
is one compound that was formed from ligand substitution reactions in which failure to remove all 
acetonitrile ligands was encountered. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Chart 3: Acetonitrile containing complexes 
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  Cu(NCMe)4BF4 (left) and Cu(NCMe)2(PPh3)2BF4 (right). BF4
– counter ions omitted for clarity.                         
 
 
Nitrile Copper(I) Complexes 
 There have been studies on the properties of copper complexes having multiple cyano-
group containing ligands. These complexes often form intricate polymeric structures with a variety 
of network types (Figure 2). Complexes such as [{Cu2(cdcb)(NCMe)2}n] (cdcb = 3,4-
bis(dicyanomethylene)cyclobutane-1,2-dione) form large 3-dimentional networks while ones like 
Cu2(TCNQF4)(EtCN)2 (TCNQF4 = 2,3,5,6-Tetrafluoro-7,7,8,8-tetracyanoquinodimethane) form 
stacked sheets of planar polymers.9,10 
 
 
 
 
 
 
 
Figure 2 
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[{Cu2(cdcb)(NCMe)2}n] (left) and Cu2(TCNQF4)(EtCN)2 (right) 
 
Photophysics and Copper(I) 
 Over the last several decades, interest has been increasing with regard to copper(I) and its 
photophysical properties. While there is steady interest in organic light-emitting diodes (OLED), 
there is also growing interest in metal-organic based light emitting devices. The interest stems 
from the inefficiencies in quantum yield found in most OLEDs. The OLEDs complexed with 
various metals benefit from an increased quantum yield from improved intersystem crossing 
between the emissive singlet state and the non-emission triplet state. Many metal complexes are 
also emissive in both the solution and solid forms. The possible applications for copper(I) 
luminescence include LEDs, biological probes, and solar panels.11 Copper(I) complexes also 
undergo electronic interactions between the metal center and the acceptor orbitals on the ligands. 
This project will involve ligands which act as electron acceptors from the metal. So-called metal 
to ligand charge transfer (MLCT) events occur in complexes wherein the metal HOMO lies 
relatively close in energy to the LUMO of the ligand. Metals such as copper(I) are easily oxidized, 
and so have a low lying HOMO. Copper(I) undergoes a d10  d9p1 transition. 
17 
 
  As previously stated, copper fills its 3d subshell before its 4p subshell. Therefore, upon 
absorption of a photon of the proper wavelength, an electron from the copper HOMO will be 
excited into the LUMO orbital of the 4p subshell. For a ligand to participate in MLCT, it must 
have a low-lying LUMO. Aromatic and other unsaturated compounds fit this requirement by 
having unfilled π*-antibonding orbitals. Though referred to as “electron transfer”, the electrons 
from Cu(I) HOMO do not completely become transferred into the ligand LUMO. Rather, the 
molecular orbital electron density will show extra ligand character under photoexcitation.12 
 
This Project  
In this project, we sought to synthesize copper(I) networks using a variety of cyano-
containing organic compounds as bridging ligands. Triphenylphosphine was chosen as the capping 
ligand. Six bridging ligands were chosen (Chart 4). The cyanopyridines (CPy) consist of a six-
member pyridine ring with a single cyanide substituent. The dicyanobenzenes (DCB) consist of a 
six-member benzene ring with two cyanide substituents.  
 
18 
 
Chart 4: Bridging ligands used in project
  
 
 
For each ligand, coordinate covalent bonding is expected to occur through the lone pairs 
on the nitrogen atoms. Due to the relatively small size of the aromatic ring and the inflexibility of 
the cyanide substituents, coordination between multiple metal centers is less sterically hindered 
than bidentate chelation to a single copper. The formation of bridged complexes is made more 
favorable by also using mole ratios of ligands less than the four coordination sites preferred by 
copper(I). A variety of oligomers is expected to be observed.  
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Experimental 
 
Materials 
 Six ligands were used in this project: ortho-dicyanobenzene (oDCB), meta-
dicyanobenzene (mDCB), para-dicyanobenzene (pDCB), ortho-cyanopyridine (oCPy), meta-
cyanopyridine (mCPy), and para-cyanopyridine (pCPy). These compounds were all purchased 
from Aldrich or Acros. All ligands were used as received, except for oDCB, mDCB, and mCPy. 
oDCB and mDCB were recrystallized from 95% ethanol, while mCPy was recrystallized from 
xylenes/hexanes. The source of copper(I) was [Cu(NCMe)4]BF4. This compound was synthesized 
from Cu2O and HBF4 in acetonitrile as described in the literature.
13 The solvent used was dry 
toluene, which was dried by the addition of CaH2 to commercial toluene. All reactions were 
conducted under nitrogen or argon atmospheres. 
 1H-NMR was carried out using the pulse Fourier transform mode on a Varian Mercury 
400VX NMR spectrometer. NMR spectral data were collected using 5 mm i.d. NMR tubes. 
Chemical shifts were measured using the protio impurity in the deuterated solvent. Coupling 
constants (JHH) were recorded in units of Hz. Thermogravimetric analysis (TGA) was performed 
using the dynamic mode using a TA Instruments Q500. The maximum rate of heating was 50 
˚C/min. to a final temperature of 800 ˚C under 60 mL/min. N2 flow. Chemical analyses for carbon, 
hydrogen, and nitrogen were performed by Atlantic Microlab, Inc. of Norcross, Georgia. 
Luminescence measurements were carried out at the University of Maine using a Photon 
Technology International Model QuantaMaster-1046 photoluminescence spectrophotometer. Two 
excitation monochromators were paired with one emission monochromator and a 75W xenon 
lamp. Single crystal X-ray diffraction measurements were performed using a Bruker-AXS three-
20 
 
circle diffractometer. The radiation source was graphite monochromated Cu Kα. The detector was 
a SMART Apex II CCD. 
 
Syntheses 
 [Cu2(PPh3)4(oDCB)2](BF4)2 (1): [Cu(NCMe)4]BF4 (315 mg, 1.00 mmol) and PPh3 (525 
mg, 2.00 mmol) were added to 20 mL dry toluene. After a brief mixing, 128 mg (1.00 mmol) 
oDCB was added. This initially yielded a white suspension. An overnight reflux under inert 
atmosphere produced a yellow suspension. This suspension was collected using vacuum filtration 
onto a frit, followed by a wash with diethyl ether. The sample was dried under vacuum overnight. 
A yellow powder was obtained (775 mg, 0.470 mmol, 94%). 1H NMR (CDCl3): δ 7.88 (m, 4 H, 
oDCB), 7.84 (m, 4 H, oDCB), 7.38 (t, J = 6.8, 12 H, PPh3), 7.26 (m, 48 H, PPh3). Anal. Calcd for 
C88H68N4B2Cu2F8P4: C, 65.81; H, 4.27; N, 3.49. Found: C, 64.78; H, 4.36; N, 3.71. TGA Calcd 
for Cu2(PPh3)4(BF4)2: 84.1. Found: 84.2 (175–225 ºC). Calcd for CuBF4: 14.8. Found: 18.7 (225–
275 ºC). Calcd for CuF: 9.5. Found: 9.8 (350–560 ºC). 
{[Cu(PPh3)2(mDCB)](BF4)}∞ (2): Synthesis was performed in the same manner as 
compound 1 and yielded a white solid precipitate with a 93% yield. 1H NMR (CDCl3/DMSO-D6): 
δ 8.38 (s, 1 H, mDCB), 8.14 (d, J = 8.0, 2 H, mDCB), 7.79 (t, J = 7.8, 1 H, mDCB), 7.47 (t, J = 
7.4, 6 H, PPh3), 7.36 (t, J = 7.6, 12 H, PPh3), 7.29 (br s, 12 H, PPh3). Anal. Calcd for 
C44H34N2BCuF4P2: C, 65.81; H, 4.27; N, 3.49. Found: C, 64.16; H, 4.26; N, 3.47. TGA Calcd for 
Cu2(PPh3)4(BF4)2: 84.1. Found: 83.7 (190–235 ºC). Calcd for CuBF4: 14.8. Found: 12.6 (235–280 
ºC). Calcd for CuF: 9.5. Found: 9.5 (280–465 ºC). 
{[Cu(PPh3)2(pDCB)](BF4)}∞ (3): Synthesis was performed in the same manner as 
compound 1 and yielded a yellow solid precipitate with a 92% yield. 1H NMR (CDCl3/DMSO-
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d6): δ 8.04 (s, 4 H, pDCB), 7.47 (t, J = 7.4, 6 H, PPh3), 7.36 (t, J = 7.4, 12 H, PPh3), 7.29 (br s, 12 
H, PPh3). Anal. Calcd for C44H34N2BCuF4P2: C, 65.81; H, 4.27; N, 3.49. Found: C, 65.66; H, 4.41; 
N, 3.46. TGA Calcd for Cu2(PPh3)4(BF4)2: 84.1. Found: 80.8 (180–240 ºC). Calcd for CuBF4: 14.8. 
Found: 15.8 (240–275 ºC). Calcd for CuF: 9.5. Found: 11.6 (295–455 ºC). 
 [Cu2(PPh3)4(oCPy)2](BF4)2 (4): Synthesis was performed in the same manner as 
compound 1 and yielded a golden-yellow solid precipitate with a 77% yield. 1H NMR (CDCl3): δ 
8.43 (d, J = 7.8, 2 H, oCPy), 8.01 (t, J = 7.8, 1 H, oCPy), 7.44 (s, 1 H, oCPy), 7.38 (t, J = 7.4, 6 H, 
PPh3), 7.24 (t, J = 8.0, 12 H, PPh3), 7.16 (br s, 12 H, PPh3). Anal. Calcd for C84H68N4B2Cu2F8P4: 
C, 64.76; H, 4.40; N, 3.60.  Found: C, 64.52; H, 4.73; N, 3.59. TGA Calcd for CuBF4: 19.3. Found: 
19.4 (80–290 ºC). Calcd for CuF: 10.6. Found: 10.1 (290–500 ºC). 
[Cu3(PPh3)6(mCPy)3](BF4)3 (5): Synthesis was performed in the same manner as 
compound 1 and yielded a white solid precipitate with a 83% yield. 1H NMR (CDCl3): δ 8.69 (d, 
J = 5.1, 3 H, mCPy), 8.63 (s, 3 H, mCPy), 7.92 (dt, J = 8.2, 1.8, 3 H, mCPy), 7.56 (dd, J = 8.3, 5.5, 
3 H, mCPy), 7.38 (t, J = 7.4, 18 H, PPh3), 7.18 (t, J = 7.7, 36 H, PPh3), 7.04 (br s, 36 H, PPh3). 
Anal. Calcd for C126H102N6B3Cu3F12P6: C, 64.76; H, 4.40; N, 3.60. Found: C, 63.70; H, 4.44; N, 
3.24. TGA Calcd for Cu2(PPh3)4(BF4)2: 86.6. Found: 86.4 (135–235 ºC). Calcd for CuBF4: 19.3. 
Found: 13.7 (235–270 ºC). Calcd for CuF: 9.9. Found: 10.7 (350–455 ºC). 
{[Cu(PPh3)2(pCPy)](BF4)}∞ (6): Synthesis was performed in the same manner as 
compound 1 and yielded a bright yellow solid precipitate with a 96% yield. 1H NMR 
(CDCl3/DMSO-d6): δ 8.87 (br s, 2 H, pCPy), 7.79 (br s, 2 H, pCPy), 7.46 (t, J = 7.4, 6 H, PPh3), 
7.35 (t, J = 7.7, 12 H, PPh3), 7.28 (br s, 12 H, PPh3). Anal. Calcd for C42H34N2BCuF4P2: C, 64.76; 
H, 4.40; N, 3.60. Found: C, 64.48; H, 4.47; N, 3.59. TGA Calcd for Cu2(PPh3)4(BF4)2: 86.6. Found: 
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85.9 (165–225 ºC). Calcd for CuBF4: 19.3. Found: 12.6 (225–275 ºC). Calcd for CuF: 9.9. Found: 
9.6 (335–455 ºC). 
 
Crystallizations 
The compounds were crystallized in 5 mm i.d. crystal growth tubes or 1 or 2 dram vials. 
Each vessel held a 30 mM solution of the complex, which was layered with diethyl ether with a 
1:2 volumetric ratio. A few days at ambient temperature produced crystals in all cases. All 
compounds except for compounds 3 and 6 were crystallized from both CHCl3 and CH2Cl2 
solutions with ether diffusion. Compound 3 was only crystallized from CH2Cl2 due to inadequate 
solubility in CHCl3. Compound 6 was crystallized from acetone with ether diffusion due to lack 
of solubility in either CHCl3 or CH2Cl2. Compound 1 was also crystallized from THF with Et2O 
diffusion. The structures of complexes 1d and 2 resulted from crystals grown from CHCl3 and 
Et2O. The structures 1a, 1b, 1c, 3a, 3b, 4a, and 5 were all obtained from crystals grown in CH2Cl2 
and Et2O. Structure 6 was obtained from a crystal grown in acetone and Et2O. Structure 1e was 
obtained from a crystal grown in THF and Et2O. 
 
X-ray Data Collection, Solution, and Refinement 
 Space group determination was performed using a 120 frame matrix. Data was corrected 
for Lorentz and polarization effects.14 Absorption was corrected using SADABS.15 Intrinsic 
phasing or direct methods were used to solve the crystal structures using the SHELXTL software 
package.16 The least squares refinement from ShelXle was used for all reflections on F2.17 Non-
hydrogen atoms were refined anisotropically. All crystallographic data are given in the Results 
and Discussion section. 
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Results and Discussion: 
 
Overview: 
The goal of this project was to discover of new copper(I) metal-organic networks using a 
selection of bridging ligands. Preliminary determination of the products was carried out using a 
combination of thermogravimetric analysis and C, H, N elemental analysis. Final chemical 
identification and structural data collection was accomplished using single crystal X-ray 
crystallography. Finally, luminescent behavior was determined using UV-Vis photoluminescence 
spectroscopy. Crystallographic data for all compounds is given in Table 1. 
 
Synthesis: 
 All ligands were commercially obtained, though recrystallization was used to improve 
quality prior to use. Synthesis of the complexes was accomplished by reacting mixtures in 
refluxing toluene. The starting complex [Cu(NCMe)4]BF4, triphenylphosphine, and either ortho-, 
meta-, or para- isomer of dicyanobenzene (DCB) or cyanopyridine (CPy), were added to dry 
toluene with a 1:2:1 ratio. The toluene was dried before use with the addition of calcium hydride 
(CaH2) to commercial toluene. The dried toluene was decanted to ensure no CaH2 entered the 
reaction mixture. To ensure complete displacement of the acetonitrile ligands, the mixture was 
refluxed for 18–20 hours. After reflux, the product was collected directly from the mixture using 
vacuum filtration and washed with diethyl ether. Collection of the oCPy product resulted in lower 
than average yield, possibly as a result of reactants or product remaining in solution. Evidence for 
this is the presence of a yellow coloration to the filtrate that was absent in other reactions.  
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 The choice for toluene as the solvent came as a response to previous failed syntheses using 
mDCB, pDCB, and pCPy. Syntheses of these products with Cu(I) were attempted in refluxing 
dichloromethane and chloroform. However, the refluxing mixture failed to adequately dissociate 
all four acetonitrile ligands from the [Cu(NCMe)4]BF4 starting material. While both 
triphenylphosphine ligands were successfully substituted for acetonitrile, in all three cases the 
bridging ligands failed to be incorporated. The resulting compound [Cu(NCMe)2(PPh3)2]BF4 
(bis(acetonitrile)bis(triphenylphosphine)copper(I) tetrafluoroborate) is a known compound known 
by its reference code in the Cambridge Crystallographic Database, “WAWCUS”.18 Utilizing a 
solvent with a higher boiling point than either CH2Cl2 or CHCl3, it was possible to evaporate the 
liberated acetonitrile ligand, enabling bonding of the bridging ligands to the Cu(I) centers. 
 
Elemental Analysis Results: 
Elemental analysis confirmed the anticipated 1:2:1 CuBF4:PPh3:bridge stoichiometry of 
the products. However, elemental analysis for the oDCB, mDCB, and mCPy compounds showed 
slightly diminished carbon content (1.6 – 2.7%). This is presumably due to the retention of traces 
of solvent in the product. The oCPy compound however, formed a toluene solvate that was 
identified by X-ray crystallography. Solvent removal from the structure was generally possible 
through vacuum drying.  
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Crystallographic Results: 
Table 1: Crystallographic data for all compounds 
Complex 1a 1b 1c 
CCDC deposit no. 1421639 1421640 1421641 
color and habit yellow prism yellow prism yellow block 
size, mm 0.46  0.28  0.07 0.26  0.21  0.12 0.29  0.23  0.18 
Formula C88H68B2Cu2F8N4P4 C88.5H69B2ClCu2F8N4P4 C89H70B2Cl2Cu2F8N4P4 
formula weight 1606.04 1648.50 1690.97 
space group P21/c (#14) P21/c (#14) P1 (#2) 
a, Å 10.2544(4) 11.6763(2) 12.3208(2) 
b, Å 21.8677(9) 41.8821(8) 12.8799(2) 
c, Å 17.5324(7) 17.3564(3) 14.1028(2) 
, deg 90 90 110.3800(10) 
, deg 100.6235(15) 106.9395(8) 96.3860(10) 
, deg 90 90 104.2460(10) 
volume, Å3 3864.1(3) 8119.5(3) 1985.04(5) 
Z 2 4 1 
calc, g cm3 1.380 1.349 1.415 
F000 1648 3380 866 
(Cu K), mm1 2.028 2.240 2.607 
temperature, K 100 100 100 
residuals:a R; Rw 0.0402; 0.0992 0.0439; 0.1099 0.0371; 0.0970 
goodness of fit 1.079 1.101 1.045 
Flack − − − 
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aR = R1 = ||Fo|  |Fc||/|Fo| for observed data only.  Rw = wR2 = {[w(Fo2 – Fc2)2]/[w(Fo2)2]}1/2 for all 
data.  
 
complex 1d 1e 2 
CCDC deposit no. 1421642 1421643 1421644 
color and habit colorless block colorless block colorless prism 
size, mm 0.29  0.23  0.23 0.41  0.34  0.09 0.50  0.15  0.14 
formula C45H36BCl2CuF4N2P2 C96H84B2Cu2F8N4OP4 C44H34BCuF4N2P2 
formula weight 1862.79 1750.25 803.02 
space group P1 (#2) P1 (#2) P212121 (#19) 
a, Å 12.6821(2) 12.2640(2) 14.7185(3) 
b, Å 14.6601(2) 12.8363(2) 15.7165(4) 
c, Å 23.5991(4) 14.4960(2) 16.5877(4) 
, deg 96.7010(10) 71.3510(10) 90 
, deg 96.2570(10) 89.6950(10) 90 
, deg 98.3950(10) 78.9790(10) 90 
volume, Å3 4275.29(12) 2118.51(6) 3837.12(16) 
Z 2 1 4 
calc, g cm3 1.447 1.372 1.390 
F000 1900 904 1648 
(Cu K), mm1 3.607 1.912 2.042 
temperature, K 100 100 100 
residuals:a R; Rw 0.0397; 0.1077 0.0367; 0.0989 0.0199; 0.0515 
goodness of fit 1.026 1.018 1.048 
27 
 
Flack − − −0.005(4) 
aR = R1 = ||Fo|  |Fc||/|Fo| for observed data only.  Rw = wR2 = {[w(Fo2 – Fc2)2]/[w(Fo2)2]}1/2 for all 
data.  
Table 1.  Cont’d. 
complex 3a 3b 4a 
CCDC deposit no. 1421645 1421646 1421647 
color and habit yellow prism yellow block yellow block 
size, mm 0.29  0.21  0.12 0.50  0.46  0.32 0.36  0.33  0.21 
formula C45H36BCl2CuF4N2P2 C45H36BCl2CuF4N2P2 C98H84B2Cu2F8N4P4 
formula weight 887.95 887.95 1742.27 
space group P21/c (#14) P1 (#2) P1 (#2) 
a, Å 12.3905(3) 12.5424(3) 12.2522(2) 
b, Å 49.5897(12) 13.7376(3) 12.9592(2) 
c, Å 13.7956(3) 25.7877(6) 15.3617(2) 
, deg 90 104.8960(10) 72.5680(10) 
, deg 96.8549(14) 96.9140(10) 84.6590(10) 
, deg 90 97.4130(10) 64.7630(10) 
volume, Å3 8416.0(3) 4203.06(17) 2103.28(6) 
Z 8 4 1 
calc, g cm3 1.402 1.403 1.376 
F000 3632 1816 900 
(Cu K), mm1 3.057 3.060 1.906 
temperature, K 100 100 100 
residuals:a R; Rw 0.0600; 0.1452 0.0401; 0.0969 0.0334; 0.0870 
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goodness of fit 1.098 1.089 1.055 
Flack − − − 
aR = R1 = ||Fo|  |Fc||/|Fo| for observed data only.  Rw = wR2 = {[w(Fo2 – Fc2)2]/[w(Fo2)2]}1/2 for all 
data.  
Table 1.  Cont’d. 
complex 5 6a 
CCDC deposit no. 1421648 1421649 
color and habit colorless prism yellow block 
size, mm 0.49  0.31  0.11 0.29  0.26  0.20 
formula C126H102B3Cu3F12N6P6 C43.5H37BCl2CuF4N2O0.5P2 
formula weight 2337.00 808.04 
space group R3c (#161) C2/c (#15) 
a, Å 23.0603(6) 28.2785(6) 
b, Å 23.0603(6) 14.6785(3) 
c, Å 36.0481(10) 19.8536(4) 
, deg 90 90 
, deg 90 110.2040(10) 
, deg 120 90 
volume, Å3 16601.3(10) 7733.9(3) 
Z 6 8 
calc, g cm3 1.403 1.388 
F000 7200 3328 
(Cu K), mm1 2.104 2.037 
temperature, K 100 100 
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residuals:a R; Rw 0.0558; 0.1417 0.0915; 0.2221 
goodness of fit 1.052 1.305 
Flack 0.80(5) − 
aR = R1 = ||Fo|  |Fc||/|Fo| for observed data only.  Rw = wR2 = {[w(Fo2 – Fc2)2]/[w(Fo2)2]}1/2 for all 
data.  
 
The degree of oligomerization in the products was determined crystallographically. The 
oDCB and oCPy compounds were found to both be cyclic dimers 
[Cu2(PPh3)4(oDCB/oCPy)2](BF4)2 (Figures 3 & 7). Since the attachment points on each of the 
bridging ligands are so close to each other in the ortho isomer, this result is not surprising. In 
contrast, the pDCB and pCPy compounds were both found to be polymers 
{[Cu(PPh3)2(pDCB/pCPy)](BF4)}∞. This result is to be expected because of the bridging ligand’s 
attachment points being oriented 180˚ from each other. This would preclude any chelation at a 
single metal center. The meta isomers of the bridging ligands have a coordination bond angle 
between those of the ortho and para isomers. This would suggest a less predictable bonding 
arrangement for meta bridging ligands. The mDCB compound with Cu(I) followed the trend of 
the para- compounds by forming the polymer {[Cu(PPh3)2(mDCB)](BF4)}∞. The mCPy 
compound did not follow this trend. Instead, it formed the cyclic trimer 
[Cu3(PPh3)6(mCPy)3](BF4)3. 
  
X-ray Crystal Structures: 
 Crystals were obtained for all compounds using solutions of the complex layered with 
diethyl ether. Using a variety of solvents in which the complexes were dissolved resulted in 
multiple examples of solvent-included crystals. Since not all solvents resulted in crystal growth 
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for every compound, some compounds formed multiple solvates, while others formed only a single 
solvate.  
 The most significant example of solvent inclusion was with the oDCB Cu(I) compound. 
Attempting crystallization in multiple solvents, we solved five separate crystal structures. Table 2 
shows the results of these crystallizations.  
 
Table 2: Crystallization results for compound 1: [Cu2(PPh3)4(oDCB)2](BF4)2 
solventa CH2Cl2 CHCl3 THF acetone 
major product 1a 1a 1e 1a 
minor product(s) 1b, 1c 1d 1a none 
a30 mM solution with liquid diffusion of excess ethyl ether 
 
 When grown from dichloromethane, the sample consisted mainly of yellow crystal blocks 
of [Cu2(PPh3)4(oDCB)2](BF4)2 (1a in Table 1) with a small number of colorless blocks. The yellow 
blocks were found to be the solvent-free dimer (Figure 3). 
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Figure 3: Thermal ellipsoid drawing of [Cu2(PPh3)4(oDCB)2](BF4)2 
 
Hydrogens and BF4
– are omitted for clarity. 
 
Compound 1 was able to be grown from a variety of solvents, sometimes as a mixture of 
solvate and solvent-free products. As a bridged dimer, each metal center is bonded to two 
triphenylphosphine ligands and two oDCB ligands. Compared to the nominal tetrahedral bond 
angle of 109.5˚, each copper atom had distorted tetrahedral geometry. The N–Cu–N bond angle 
was 105.01(8)˚ and the P–Cu–P bond angle was 120.94(2)˚. Both oDCB units bridge the two metal 
centers, forming the dimer’s central fourteen-member ring. The dimer is centered on an inversion 
center and therefore half independent. The BF4
– had positional disorder, as is common due to its 
near-spherical shape. The aromatic rings in the oDCB ligands were nearly completely planar, as 
well as parallel to each other.  
 One of the isolated colorless crystals (1b in Table 1) was identified as 
[Cu2(PPh3)4(oDCB)2](BF4)2•½CH2Cl2. This form of the oDCB Cu(I) compound was similar to 
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that of the solvent-free version with the exception of lacking the inversion center. The solvate 
version lacked the coplanar geometry of its oDCB ligands, forming a central ring that is more 
highly distorted. The P–Cu–P bond angles were even larger than crystals of 1a, being 122.38(3)˚ 
and 126.25(3)˚. The half CH2Cl2 was located on an inversion center. The BF4– was distorted as 
before.  
 The other isolated colorless crystal (1c) was identified as 
[Cu2(PPh3)4(oDCB)2](BF4)2•CH2Cl2. The presence of a central inversion center gave similar 
structural parameters to the compound 1a. As with the solvent-free version, the two oDCB rings 
were coplanar. π-Stacking with a centroid-centroid distance of 4.081 Å was found between phenyl 
groups of adjacent phosphorus atoms.  
 The compound [Cu2(PPh3)4(oDCB)2](BF4)2•CHCl3•H2O (1d) was isolated from crystals 
grown from chloroform. The water present in the lattice is believed to be from ambient water 
vapor. This compound also lacked the central inversion center. All counter ions and solvent 
molecules in the lattice were fully ordered. The two oDCB rings were oriented antiparallel to each 
other with an 18.37˚ twist difference between them. 
 The last oDCB compound discovered was [Cu2(PPh3)4(oDCB)2](BF4)2•2THF (1e). This 
compound had a central inversion center. Solvent molecules and counter ions were fully ordered. 
With respect to the plane formed by Cu and the oDCB ligands, one cyano group is bent upward 
while the other is bent downward (Figure 4).  
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Figure 4: Structural overlays of the various oDCB structures
 
Hydrogens, phenyl rings, solvent molecules, and counter ions removed for clarity. 
 
 
Crystals of {[Cu(PPh3)2(mDCB)](BF4)}∞ (2) were produced from chloroform and 
dichloromethane and resulted in colorless prisms for both solvents. The unit cell consisted of a 
single [Cu(PPh3)2(mDCB)]BF4 (Figure 5). The complex formed a polymer through mDCB 
bridging forming a helix via a 21 screw axis. The BF4
– ions sit in the spaces between copper atoms.  
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Figure 5: Thermal ellipsoid drawing of {[Cu(PPh3)2(mDCB)](BF4)}∞ 
 
Hydrogens and BF4
– are omitted for clarity. 
 
The {[Cu(PPh3)2(pDCB)](BF4)}∞ (3) crystals were obtained from CH2Cl2 in the form of 
yellow needles. All crystals contained a single CH2Cl2 molecule per repeat unit (Figure 6). Two 
separate polymorphs of the compound were discovered, one monoclinic and the other triclinic. 
Figure 7 shows an overlay of the cations in the two structures.  
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Figure 6: Thermal ellipsoid drawing of {[Cu(PPh3)2(pDCB)](BF4)}∞ 
 
Hydrogen atoms, CH2Cl2, and BF4
– are omitted for clarity. 
 
 
Figure 7: Polymorph Overlays 
 
Carbon wireframe with copper, nitrogen, and phosphorus atoms shown as ball and stick. 
Hydrogen atoms, CH2Cl2, phenyls, and BF4
– are omitted. Monoclinic P21/c (red, 3a) and triclinic 
P1 (blue, 3b). 
 
 [Cu2(PPh3)4(oCPy)2](BF4)2 crystals produced a dimeric crystal with two toluene molecules 
from the reflux and a single CH2Cl2 molecule from the crystallization present in the repeat unit 
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(Figure 8). The toluene molecules were disordered while the BF4
–
 was ordered. The dimer consists 
of a central ten-membered ring with two parallel oCPy planes. The bond angles for both N–Cu–N 
(107.02(6)˚) and P–Cu–P (130.763(19˚) are larger than the nominal tetrahedral value. 
 
Figure 8: Thermal ellipsoid drawing of [Cu2(PPh3)4(oCPy)2](BF4)2 
 
Hydrogen atoms, toluene, CH2Cl2, and BF4
– are omitted for clarity. 
 
Crystals of [Cu3(PPh3)6(mCPy)3](BF4)3 (5) formed solvent-free crystals. The crystal 
structure was a trimer in the trigonal point group R3c. The structure is 1/3 independent with one 
independent Cu atom and 1/3 independent disordered BF4
– ion. This is caused by both the anion 
and metal center sitting on a three-fold axis and centered on the c-axis through the trimer center. 
The mCPy ring is out of the central ring by 13.71˚, and are moderately disordered. Pyridine bonds 
through an aromatic nitrogen and a cyano group (Figure 9). When pyridine in compound 5 is 
bridging any two copper atoms, there are two possible orientations (Figure 10). Each pyridine ring 
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is canted out of the plane formed by the three Cu atoms by 13.71˚, resulting in a bowl-shaped 
structure. There is ring strain as evidenced by the aromatic cyanide having a C–C–N bond angle 
of 166.7(16)˚. There are noticeable bends in the cyano groups from ring strain, with a C—C—N 
bond angle of 166.7(16)˚. 
 
Figure 9: Thermal ellipsoid drawing of [Cu3(PPh3)6(mCPy)3](BF4)3 
 
Hydrogen atoms, toluene, CH2Cl2, and BF4
– are omitted for clarity. 
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Figure 10: Disordered [Cu3(PPh3)6(mCPy)3](BF4)3 
 
The disordered compound 5 with both possible orientations of mCPy superimposed and BF4
– on 
the three fold axis. 
 
 When {[Cu(PPh3)2(pCPy)]BF4}∞ (6) was crystallized from acetone, it gave a polymeric 
complex with half an acetone as a solvate (Figure 11). The CPy rings and BF4
– showed disorder 
with the two pCPy ligand’s planes lying 22.12˚ off from each other. Similar to the disordered 
mCPy in compound 5, pCPy can also have two possible orientations when bonded to each copper 
(Figure 12). This polymer forms a zigzag from one subunit to the next. This gives a Cu…Cu…Cu 
path angle of 102.45˚. This zigzag continues in a slightly helical fashion over longer distances.  
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Figure 11: Thermal ellipsoid drawing of {[Cu(PPh3)2(pCPy)]BF4}∞ 
 
Hydrogen atoms, acetone, and BF4
– are omitted for clarity. 
 
Figure 12: {[Cu(PPh3)2(pCPy)]BF4}∞ with disordered pCPy
 
Acetone and BF4
– omitted. 
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Table 3: Selected bond lengths and angles for all compounds 
 1a 1b 1c 
Cu–N 2.003(2), 2.0472(19) 2.003(3), 2.100(3), 
2.022(3), 2.051(3)              
2.0443(18), 2.0810(18) 
Cu–P 2.2547(6), 2.2717(6) 2.2527(8), 2.2638(8), 
2.2453(9), 2.2685(9) 
2.2685(5), 2.2827(6) 
Cu…Cu 6.276 6.162 6.486 
N–Cu–N 105.01(8) 103.09(11), 103.82(11) 95.46(7) 
P–Cu–P 120.94(2) 122.38(3), 126.25(3) 123.86(2) 
N–Cu–P 97.71(5), 104.66(6), 
108.27(6), 117.47(6) 
107.16(8), 109.30(8), 
116.05(8), 96.38(8), 
115.60(8), 103.04(8), 
101.23(8), 104.51(8) 
102.95(5), 119.48(5), 
114.30(5), 97.76(5) 
Cu–N≡C 159.54(17), 168.42(18) 164.6(3), 153.5(3), 
151.9(3), 166.7(3) 
160.14(19), 149.60(17) 
 
aNPy 
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 Table 3. Contd. 
 1d 1e 2 
Cu–N 2.014(2), 2.020(2), 
2.059(2), 2.074(2),  
2.0166(16), 2.0712(16) 2.0185(18), 2.037(2) 
Cu–P 2.2628(6), 2.2631(6), 
2.2663(6), 2.2832(6) 
2.2610(5), 2.2735(5) 2.2598(6), 2.2653(6) 
Cu…Cu 6.566 6.452 10.523 
N–Cu–N 100.61(8), 101.69(8) 104.92(6) 100.32(8) 
P–Cu–P 117.27(2), 124.93(2) 126.841(19) 128.50(2) 
N–Cu–P 96.72(6), 100.97(6), 
106.34(6), 107.99(6), 
109.33(6), 110.55(6), 
115.52(6), 115.61(6) 
99.16(5), 100.52(5), 
106.12(5), 116.56(5) 
103.24(6), 104.16(6), 
104.46(6), 112.36(6) 
Cu–N≡C 158.47(19), 162.20(19), 
171.5(2), 172.7(2) 
164.43(16), 167.46(16) 161.67(18), 169.49(19) 
aNPy 
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Table 3. Contd. 
 3a 3b 4a 
Cu–N 2.007(3), 2.032(3), 
2.087(3), 2.098(3)            
2.0104(18), 2.0277(19), 
2.0793(19), 2.0810(19) 
2.0184(15), 2.1438(15)a 
Cu–P 2.2519(10), 2.2639(10), 
2.2656(10), 2.2880(10) 
2.2510(6), 2.2602(6), 
2.2698(6), 2.2918(6) 
2.2724(5), 2.2779(5) 
Cu…Cu 11.398, 11.785 11.405, 11.801 5.494 
N–Cu–N 95.89(13), 95.91(13) 95.90(8), 97.29(8) 107.02(6) 
P–Cu–P 123.92(4), 125.23(4) 124.37(2), 125.45(2) 130.763(19) 
N–Cu–P 98.74(9), 101.98(10), 
103.31(10), 104.61(10), 
107.09(10), 112.02(10), 
113.90(9), 121.43(10) 
99.47(5), 101.66(6), 
102.60(6), 105.30(6), 
105.98(6), 112.04(6),  
113.07(6), 120.85(6) 
100.40(4), 103.72(5), 
105.15(5), 108.03(4) 
Cu–N≡C 140.7(3), 148.5(3), 
161.9(3), 169.1(3) 
140.32(18), 149.58(19), 
162.11(19), 169.22(19) 
170.04(15) 
aNPy 
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Table 3. Contd. 
 5 6a 
Cu–N 1.89(2), 1.933(9), 
2.221(9)a, 2.39(2)a 
1.98(4), 2.05(2), 
2.14(3)a, 2.15(2)a 
Cu–P 2.276(2), 2.281(2) 2.2641(18), 2.2800(18) 
Cu…Cu 8.607 9.414 
N–Cu–N 94.9(8), 96.9(4) 99.4(9), 102.7(13) 
P–Cu–P 119.05(6) 132.34(7) 
N–Cu–P 96.3(5), 98.6(2), 
109.9(5), 112.8(3), 
113.0(3), 113.3(2), 
115.2(6), 115.9(7) 
96.2(15), 96.9(11), 
97.5(6), 101.0(7), 
103.9(7), 110.6(5), 
116.0(11), 117.0(15) 
Cu–N≡C 168.5(11) 165(4), 173.5(16) 
aNPy 
 
Photophysics: 
 Figure 13 shows the results of illuminating the compounds with 365 nm UV light. Because 
of the demonstrated photoluminescence emission, as well as the general interest in copper(I) 
luminescent behavior, luminescence spectroscopy excitation/emission experiments were carried 
out on all six compounds at the University of Maine. 
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Figure 13: Compound Luminescence 
 
The compounds displaying their color under room light (top) and 365 nm UV light.  
Compound order from left to right: (1), (2), (3), (4), (5), (6). 
The arrow points out a crystal of [Cu2(PPh3)4(oDCB)2](BF4)2•½CH2Cl2 , displaying diminished 
luminescence.  
 
 
Figure 14 shows the results of the solid state luminescence experiments for the six 
compounds. The samples used in these experiments were all vacuum dried, removing most or all 
entrained solvent. As shown in the graph, all six compounds undergo excitation in the UV range 
and emit in visible range. The two meta compounds emitted at the shortest wavelengths in the blue 
regions, which corresponds to the white coloration under room light conditions. In contrast, the 
ortho and para compounds generally emit most strongly in the green region.  
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Figure 14: Luminescence Excitation and Emission Results 
 
Solid state luminescence excitation (left) and emission (right) spectra at 298K. 
 
The Stokes shifts of the DCB Cu(I) compounds were all smaller than those of the CPy 
compounds. Stokes shifts and wavelengths are given in Table 4. The larger Stokes shifts are 
suggestive of large distortions in the molecular excited state. Thus it seems that the DCB 
compounds have lower degrees of distortions in their excited states. The experiments show that 
for ortho and para isomer compounds, the DCB ligands have a consistently shorter emission 
wavelength than those of the CPy ligands. The opposite was true for the ortho isomers, wherein 
the oCPy compound showed a shorter emissive wavelength than did the oDCB compound. Overall, 
oCPy exhibited the highest emission intensity of the CPy compounds and oDCB and pDCB 
showed the most intense emission amongst the DCB compounds.  
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Table 2: Wavelengths and Stokes Shifts 
Table 2: Solid state luminescence data for complexes 1–6. 
Complex Temp., K λmax, Excitation 
(nm) 
λmax, Emission 
(nm) 
Stokes Shift (cm–
1) 
1  298 398 518    5,820 
   77 398 518    5,820 
2  298 351 485    7,870 
   77 346 488    8,410 
3  298 400 509    5,350 
   77 380 512    6,780 
4  298 352 518    9,100 
   77 354 564  10,500 
5  298 341 493    9,040 
   77 355 509    8,520 
6  298 380 546    8,000 
   77 356 559  10,200 
 
 
Discussion: 
The nature of copper(I) networks is a topic of great interest with many possible applications, such 
as in sensor devices. During this project, a reliable, quick, and cheap method of synthesizing 
oligomers of bridged copper(I) complexes was developed. The use of toluene reflux allowed for 
the effective replacement of starting material ligands, even with difficult to remove ligands. The 
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manipulation of stoichiometric ratios of bridging to monodentate ligands ensured that the correct 
bridging orientation was achieved. Choosing ligands with multiple bonding sites in specific 
orientation allowed for the possibility of forming bridging structures. By choosing ligands with 
inflexible structures, it was ensured that chelation was avoided.  
In order to ensure the removal of acetonitrile ligands from [Cu(NCMe)4]BF4, elevated 
temperatures were used. Although chloroform and dichloromethane effectively dissolved the ionic 
copper complexes, these solvents proved too volatile. Having low boiling points, these solvents 
were ineffective in imparting sufficient thermal energy to the reaction to irreversibly remove 
acetonitrile ligands for replacement by the relatively weakly-bonding bridging ligands. To this end 
toluene was chosen, and it proved to be a viable solution. While toluene was less able to dissolve 
the copper(I) salts, its 111° C boiling point enabled the partially dissolved mixtures to react 
successfully.  
The crystals obtained through this method showed varying colors. Although the color was 
associated with which ligands had been used, to some extent is was related to solvent uptake. The 
oDCB compound, which was particularly vulnerable to solvent inclusion, was usually yellow after 
collection. But there were a few colorless crystals that were determined to have crystallized with 
either a half or a whole dichloromethane molecule per repeat unit. Still other crystals of oDCB 
compound grown from other solvents saw inclusion of those solvents. Other compounds, namely 
oCPy with two toluene molecules, pDCB with dichloromethane, and pCPy with one half acetone 
molecule, showed consistent amounts solvent uptake. In contrast, mDCB and mCPy both 
displayed a consistent lack of solvent inclusion.  
X-ray crystallography yielded structural data for the isolated compounds. Trends were seen 
wherein oDCB and oCPy compounds formed dimers and pDCB and pCPy compounds formed 
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polymers. The dimers of oDCB showed slight structural differences depending on solvent the in 
crystal lattice. The two polymeric of the pDCB complex produced helical chains. While the mDCB 
compound continued the polymer trend similar to the para compounds, the mCPy compound 
unexpectedly formed a trimer with a fourteen-member central ring and a threefold symmetry axis.  
Luminescence spectroscopy of the compounds showed consistent trends between ligands. 
It was consistently seen that DCB compounds had smaller Stokes shifts than the CPy compounds 
of the same substitution. From this we gather that the excited states of the DCB compounds are 
less distorted than those of the CPy compounds. Emission trends were also consistent between 
ligands, with oCPy having emission photons of higher energy than those of oDCB photons and 
m/pDCB compounds having emission photons of higher energy than those of m- and pCPy.  
There have been previous studies featuring diimine Cu(I) complexes containing ligands 
such as pyrazine (Pyz) and 2,2ʹ-bipyridine (bipy).19,20 In these studies, the source of luminescence 
was found to be metal-to-ligand charge transfer. This project follows that trend with the use of 
previously unused cyanoaromatic ligands. Now we can examine how Stokes shifts change as a 
progression from complexes containing Pyz, to bipy), to CPy to DCB.  
 In the previous experiments, the Stokes shift for {[Cu(PPh3)2(Pyz)]BF4}∞ was found to be 
10,240  cm–1. Similarly, the Stokes shifts for {[Cu(PPh3)2(Bpy)]BF4}∞ was found to be 12,160 cm
–
1. Quantum yields for both these compounds were low at 0.07. Compounds 1 and 3 had Stokes 
shifts between 5350 and 6820 cm–1. Compound 2 had a Stokes shift of 7870 cm–1. This higher shift 
might be indicative of resistance to quenching resulting from ion pairing or π-stacking. From this 
data, it can be inferred that DCB metal species have a less distorted excited state than those of 
pyridine compounds. An alternative explanation is that metal-to-ligand charge transfer (MLCT) is 
of lesser importance compared to d  p transitions for cyano complexes. Future studies might 
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probe this avenue of research to determine if d  p or MLCT is the dominant effect. Compounds 
4 and 5 had Stokes shifts >9,000 cm–1 compound 6 had a Stokes shift of 8,000 cm–1. This result 
matches observations in previous studies of nitrogen coordination in pyridine-type species. 
 
 
 
Conclusion:  
 
 When one equivalent of [Cu(NCMe)4]BF4 is refluxed with two equivalents of 
triphenylphosphine and one equivalent of ortho-, meta-, or para-cyanopyridine, or ortho-, meta-, 
or para-dicyanobenzene, oligomeric meal-organic complexes are formed. Complexes formed with 
ortho ligands yielded dimeric compounds. Complexes made with para ligands or meta-
dicyanobenzene yielded polymeric compounds. Para-dicyanobenzene was found to produce two 
polymorphs. The compounds with meta-cyanopyridine was trimeric. Solvent incorporation in 
crystals was seen for most of the compounds. The oDCB complex was found to crystallize with 
CH2Cl2, CHCl3, H2O, and THF inclusion, as well as solvent-free. The oCPy complex was found 
to crystallize with one molecule of toluene. The pCPy compound was seen with acetone present. 
The both pDCB polymorphs were seen with CH2Cl2. Photoluminescence was seen for all 
compounds, with excitation in the near UV (340–400 nm) and emission centered on the yellow-
green region (480–560). Both the mCPy and the mDCB compounds displayed blue 
photoluminescence, while the rest displayed green photoluminescence. The Stokes shifts of the 
dicyanobenzene ligands were smaller than those of the cyanopyridine ligands, suggesting a lower 
amount of distortion during excitation.   
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